Acid phosphatase, esterases, and glutamate, lactate and malate dehydrogenases of 34 strains of Enterobacter cloacae and 22 strains of Enterobacter sakazakii were analysed by horizontal polyacrylamide agarose gel electrophoresis and by isoelectrofocusing in thin-layer polyacrylamide gel. The two species could be separated on the basis of distinct electrophoretic patterns of all enzymes analysed. Glutamate dehydrogenase and acid phosphatase were detected exclusively in E. cloacae, whereas esterase bands were more intensively stained in E. sakazakii. For each species, two zymotypes could be distinguished, on the basis of electrophoretic mobilities of malate dehydrogenase and banding patterns of esterase for E. cloacae, and by both isoelectric point and electrophoretic mobilities of an esterase and of lactate and malate dehydrogenases for E. sakazakii. The high degree of enzyme polymorphism within the two species permitted precise identification of strains. The variations in electrophoretic patterns might therefore provide useful epidemiological markers.
P H . G O U L L E T A N D B . P I C A R D
IEF, establishment of correspondence of bands characterized in the two electrophoretic techniques and estei-ase staining, were done as described by Goullet (1973) and Goullet & Picard (1985a The electrophoretic mobility of a given variant was measured as the relative mobility value (MR) which is the ratio between the distance measured from the slower band (GDH of E. cloacae strain 45.75) to the band of the variant and the distance measured from the slower band to the faster band (esterase ES, of E. sakazakii strain 20.77).
R E S U L T S
Characterization of enzyme bands IEF. Satisfactory resolution with distinct banding was obtained for MDH and LDH of' E. cloacae and E. sakazakii, for AP of E. cloacae and for an esterase of E. sakazakii. Esterases of E. cloacae, AP of E . sakazakii and GDH of E. cloacae and E. sakazakii were not detected. With a narrow pH gradient from 4 to 6.5, MDH and AP gave a sharp and well-stained main band (used for PI determination) and two or three anodic satellite bands. LDH generally gave three bands (the one nearest the cathode was used for PI determination), whereas esterase gave a single band (Figs 1 and 2 ). 
for LDH and 5-3
Polyacrylarnide agarose gel electrophoresis. This method was more sensitive than IEF for detecting the enzymes, all of which gave reproducible banding patterns. MDH, LDH, GDH and AP gave a single, well-stained band, but GDH and AP were detected only in E. cloacae (Figs 1 and 2). Diverse esterase bands, all of which degraded a-naphthyl acetate (numbered in order of decreasing mobility towards the anode) could be distinguished on the basis of their hydrolytic activity towards other substrates (P-naphthyl and indoxyl acetates, and a-and P-naphthyl butyrates), and in their sensitivity or resistance to DFP ( M) ( Table 2) . For E. cloacae strains, esterase band EC, hydrolysed indoxyl acetate; band EC2 did not hydrolyse other substrates; band EC3 hydrolysed P-naphthyl acetate ; band EC4 hydrolysed a-naphthyl butyrate and indoxyl acetate and reacted slightly with 0-naphthyl acetate; and band EC, (migrating to the cathode) hydrolysed P-naphthyl acetate. Esterases ECI and EC3 were resistant to DFP whereas esterases EC2, EC4 and EC5 were sensitive. Except for esterase EC4, the bands resolved from crude extracts of E. cloacae were faint. For E. sakazakii, esterase bands ESI, which hydrolysed indoxyl acetate, and ES2, which hydrolysed Q-naphthyl acetate and a-and P-naphthyl butyrates, were resistant to DFP; band ES3 hydrolysed indoxyl acetate and a-naphthyl butyrate; band ES4, which was identified as the esterase obtained by IEF, strongly hydrolysed a-and P-naphthyl acetates and indoxyl acetate, and reacted weakly with a-naphthyl butyrate. Esterases ES3 and ES4 were sensitive to DFP. 
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Range of pI and mobilities of enzyme bands among the strains Electrophoretic relationships between the strains were established by numerous repeated runs comparing enzyme bands side by side on the same gel. The reproducibility of the results was confirmed in several ways as described by . E. cloacae. PI and M R values of enzymes detected in all 34 strains are shown in Table 3 . MDH, which had the same PI value (5.3) for all strains, had two mobility values (MR rr 35 and M R 'v 42). These served to divide strains into two zymotypes: C1 (strains 1 to 29) and C2 (strains 30 to 34). LDH had five distinct PI values ranging from 5.05 to 5.35 and four mobility values from M R 'v 23 to M R N 30. For zymotype C2, LDH had identical PI and M R values. AP had ten distinct PI values ranging from 5.4 to 6.1, and seven mobility values ranging from M R 2: 49 to M , cz 67. GDH had five mobility values ranging from M R 2 0 to M R 2: 7. For zymotype C2, GDH had identical M R values. Esterases gave two distinct banding patterns. For zymotype C, , esterase EC, was the most frequently detected among the strains, esterase EC5 had the same mobility for 21 strains and esterase EC4 was not detected; zymotype C2 possessed esterase EC4 but not esterases EC2, EC3 and EC5. Thus, strains of zymotype C2 could be distinguished from those of zymotype C I by differences in electrophoretic patterns of at least four enzymes.
E. sakazakii. PI and M R values of enzymes detected in all 22 strains are shown in 
DISCUSSION
Using the zymogram procedure, LDH and MDH were resolved from crude extracts of both E. cloacae and E. sakazakii, whereas GDH and AP were detected only in E. cloacae. Several esterases were present in each of the two species. Except for esterases EC1 and ESI, which were similar in their hydrolytic activity and in their resistance to DFP, the esterases of E. sakazakii could be clearly distinguished from those of E. cloacae. Comparison of results obained by IEF and CE for esterases ESI, ES2 and ES3 of E. sakazakii and for esterases and GDH of E. cloacae, showed that CE was more sensitive than IEF for detection of enzyme activity (Tables 3 and 4) , as has been already shown for some enzymes produced by Yersinia, Providencia and Aeromonas strains (Goullet & Picard, 1984, 19856; . The number of electrophoretic variants (allozymes) was higher with IEF (Table 5 ) for LDH and AP of E. cloacae and with CE for LDH of E. sakazakii. For LDH and AP of E. cloacae and for esterase ES4 of E. sakazakii, CE and IEF complement one another in the detection of electrophoretic enzyme variability. Conjunction of data obtained by the two techniques increased values of genetic diversity coefficients (GDC) (Nei, 1978; Musser et al., 1986) obtained by a single electrophoretic procedure ( Table 5 ). The two hydrolases were more electrophoretically polymorphic than the two dehydrogenases. GDC values for esterase, AP and LDH were considerably higher than GDC values for MDH. As previously observed (Shah & Williams, 1982; Goullet & Picard, 1985b; MDH appears to be a useful molecular marker for both interand intra-species differentiation of bacteria.
Phenotypic differentiation of E. sakazakii from E. cloacae is principally based on nondiffusible yellow pigment production, absence of fermentation of D-sorbitol (Farmer e? al., 1980; Richard, 1984) and detection of a-glucosidase activity (Muytjens et al., 1984) . By determining physico-chemical parameters of specific proteins the present work strongly consolidated this differentiation of the species. Thus, mobilities and PI values of either LDH or MDH were sufficient to identify to species level the 56 Enterobacter strains analysed. This is illustrated by two-dimensional electrophoretic profiles (Goullet & Picard, 1985 a) , which clearly show that enzymes of E. sakazakii had lower PI values and/or higher M R values than E. cloacae (Fig. 3) . Esterase patterns of the two species were distinct from those of Enterobacter aerogenes and Enterobacter gergoviae (Goullet, 1980) .
As indicated by two-dimensional electrophoretic profiles of LDH, MDH and esterase ES4 (Fig. 4) , electrophoretic distribution of allozymes among E. sakazakii strains provided evidence t GDC (H) = I -C x,"n/(n I)] where xi is the frequency of each allozyme and n is the number of strains in the samples calculated after deletion of strain 15 of E. cloacae and strains 43 to 45 of E. sakazakii (see Discussion).
for two zymotypes, S1 and S2. Combined use of IEF and CE was necessary to differentiate zymotypes defined on the basis of LDH or esterase ES4 patterns. Thus the LDH of the two zymotypes, which had the same PI value (4.9) for all strains, was resolved by CE into variants with M R values of -34, -48 and -49 for zymotype S1 and MR II 42 for zymotype S2.
Conversely, esterase ES4 of strain 47 (zymotype Sl), and of strain 53 and 54 (zymotype S2), which had the same mobility for all strains, was resolved by IEF into variants with PI values of 5.1 and 4.75. The high degree of enzyme polymorphism within E. cloacae and E. sakazakii enables precise identification of strains which may be useful for epidemiological purposes. For E. cloacae, all strains analysed had distinct electrophoretic patterns, with the exception of strains 14 and 15 which were isolated from two distinct clinical specimens (blood and spinal fluid) from the same patient. For E. sakazakii, strains 42 to 45 isolated from diverse sources in the same hospital had identical electrophoretic patterns (Table 3) . This is strong evidence that these strains are identical.
